Five rumen bacteria, Selenomonas ruminantium, Bacteroides ruminicola, Megasphaera elsdenii, Streptococcus bovis, and Butyrivibrio fibrisolvens were grown in continuous culture. Estimates of substrate affinities were derived from Lineweaver-Burk plots of dilution rate versus substrate concentration. Each bacterium was grown on at least four of the six substrates: glucose, maltose, sucrose, cellobiose, xylose, and lactate. Wide variations in substrate affinities were seen among the substrates utilized by a species and among species for the same substrate. These wide differences indicate that substrate affinity may be a significant determinant of bacterial competition in the rumen where soluble substrate concentrations are often low. Growth of these bacteria in continuous culture did not always follow typical Michaelis-Menten kinetics. Inflated theoretical maximum growth rates and non-linear Lineweaver-Burk plots were sometimes seen. Maintenance energy expenditures and limitation of growth rate by factors other than substrate concentration (i.e., protein synthesis) are discussed as possible determinants of these deviations.
In the 1940's Monod observed that bacterial growth rate was dependent on substrate concentration and that the two were related according to saturation kinetics typical of enzyme systems (8) . Since this time it has been generally accepted that bacterial growth rate and substrate concentration follow Michaelis kinetics. However, kinetic differences do exist between enzymes and bacteria. Pirt (11) , in describing maintenance energy, corrected the Michaelis derivation of bacterial growth in continuous culture proposed by Herbert et al. (3) by adding a maintenance term. Because affinity is usually measured at high growth rates when substrate is easy to measure and maintenance as a percentage of total energy consumption is low, this maintenance term is generally neglected. Another important difference between bacterial growth rate and enzyme velocity lies in the fact that growth rate is limited by factors other than substrate concentration (13) . This difference has been neglected.
Since substrate concentrations in natural environments are usually too low to permit maximum growth rate (5) , it is reasonable to assume that relative substrate affinities can be a significant determinant of bacterial competitions in nature (10) . Indeed, several mixed culture ex-periments in chemostats have shown that at a low dilution rate a bacterium with a low maximum growth rate can dominate a bacterium with a higher maximum growth rate (2, 7, 15, 16) . In the rumen there are often several species present that are capable of fermenting the same substrate. Because soluble substrate concentrations are usually low in the rumen (4), competition must exist among rumen bacteria for available substrates. It was hypothesized that if affinities differed significantly among rumen bacteria, relative substrate affinity could be a major determinant ofbacterial growth and competition in the rumen. The experiments reported herein were undertaken to test this hypothesis.
MATERIALS AND MErHODS
Media. The media used were similar to the medium described by Caldwell Tables 1-5 were derived over dilution rates that were high enough to allow measurable substrate concentrations. When affinity was low and Ks was high, the ranges of these dilution rates (range of regression line) were wide. When affinities were high, however, affiniti-s could only be determined at very high dilution rates. In interpreting data obtained in the latter situation, the assumption was made that substrate affinities estimnated at high dilution rates are similar to those expressed at low dilution rates where substrate measurements could not be performed. This assumption is supported by the fact that when affinities were determined over wide ranges of dilution rate (Ks high), Lineweaver-Burk plots were linear indicating constancy of Ks.
Problems of wall growth in continuous culture were discussed by Munson (9) . The walls of culture vessels were examined during and after each incubation, and it was found that M. elsdenii and S. bovis cultures sometimes adhered to the walls. To minimize effects of wall growth, the highest dilution rates were performed first. By achieving these steady states first, the ratio of bacteria attached to the wall to bacteria suspended in solution was kept low. Linearity of the Lineweaver-Burk plot can also be used as an indicator of wall growth. When wall growth was a problem, nonlinear Lineweaver-Burk plots were seen. Fig. 2. When B. ruminicola was grown on either sucrose or maltose, hexose was seen to accumulate in incubation media. The accumulation of hexose from sucrose was related to dilution rate (Table 6 ). Hexose accumulation from maltose was also higher at higher dilution rates, but showed greater variability in this regard (Table  7) . Therefore, calculation of each affinity constant was based on total carbohydrate concentration in the medium rather than just disaccharide concentration. Hexose accumulation was not seen with cellobiose.
S. ruminantiunL Glucose, maltose, sucrose, and xylose affinities were high in S. ruminantium (Table 3) , and the theoretical Kma values appeared to approximate the probable washout rate of each culture. The lactate plot is shown in Fig. 3 . Previous work (12) (Fig. 3) . M. elsdenii. Incubations with M. elsdenii indicated that affinity was lower for lactate than for glucose and that affinity was very low for maltose ( Table 4 ). The theoretical Km. value for glucose appeared to be realistic, but the values for maltose and lactate appeared to be inflated because growth rates this high were not seen in batch cultures with very high substrate concentrations (12) . Wall growth was not a problem in these incubations. Previous work (12) showed that maltose, glucose, and lactate gave much higher maximum growth rates than sucrose. The plot shown in Fig. 4 shows a nonlinear relationship similar to that described for lactate in S. ruminantium. Maintenance energy expenditures were again thought to be the cause of this non-linearity. Affinity for sucrose, although it cannot be predicted from the plot in Fig. 4 , must be low because sucrose levels were high even at low dilution rates.
S. bovis. The data presented in Table 5 The deviations from linearity of the Lineweaver-Burk plots shown in Fig. 3 and 4 can most easily be explained by maintenance energy expenditures. Maintenance energy expenditures make up a greater proportion of total substrate utilizations as growth rate decreases (11) , and in each case (Fig. 3 and 4) 
